Boat Sounding and Examination of Shoals in Sweden by Reinius, G. et al.
F ig .  3 . —  B oat work-table with sounding-chart and instruments.
BO A T SO UNDIN G 
AND EX A M IN A T IO N  O F SH O A LS IN SW E D E N
by Captain  G . R E I N I U S , H ydrographer,
M r H . O H L S S O N - O D E L S I O ,  and M r P. C O L L I N D E R , H ydro grap h ic En gineers. 
Illustrations b y  M r O. J A H N K E ,  ist H ydrograp h ic En gineer.
h e  submarine topography off the Swedish coasts is, as a rule, much
more complicated than in the great m ajority of other countries 
w here the sea bottom is underlaid by regularly bedded, sedimentary 
rocks. This is also true of some parts o f the Swedish coast, especially 
in the province o f Scania and the islands of Oland and Gotland, where 
the sea bottom is fairly uniform.
But along the greater part of the coast the Archean rocks of gneiss 
and granite are not concealed by that smooth covering o f sedimentary 
rocks elsewhere so common, but form a most uneven seabottom, 
being cleft by innumerable old fissure and pressure belts. These lie 
occasionally in somewhat regular directions, but often seemingly with­
out any order. As the weathering and other factors determining the 
land sculpture have principally followed such lines o f weakness, the 
result is the innumerable mass of islands, skerries, and shoals which 
forms the renowned Swedish “ skagard”  or that widespread archipelago 
in Sweden, which makes such uncommonly great demands on hydro­
graphic su rvey in g ; see fig. i, which shows a characteristic portion 
o f the Stockholm skagard in winter.
As the most important parts of Sweden, politically as well as 
nautically, are situated within the most violently accidented portions 
of the coast, where the channels are generally narrow and difficult, 
the need was felt early for rigorous methods of sounding and exam i­
nation of shoals. The principle underlying the present methods has 
been in use during some sixty years ; and it is considered that a
description o f the essential features o f the Swedish methods and 
appliances for sounding might be valuable in leading to contact with 
methods employed by other countries and eventually encouraging 
discussion.
In order to obtain a more complete comprehension of the sounding 
w ork, short introductory notes on triangulation, w ater-level and 
determination o f the shore line have been included. Exhaustive 
description of instruments and appliances has not been possible, but 
the Hydrographic Office w ill gladly endeavour to meet any wishes 
expressed in this respect.
T r i a n g u l a t i o n .
The triangulations along the coasts necessary for hydrographic 
surveys are performed by the Hydrographic Office. This geodetic 
work, though satisfying principally the requirements of hydrography, 
is executed is as close contact as possible with the main geodetic 
survey of the country.
The spacing of the triangulation points depends, of course, upon 
the scale to be employed for the inshore hydrographic surveys. These 
being generally made on scales o f 1:10000 to 1:20000 the distances 
between the stations are kept within i .5 to 2.5 nautical miles.
The positions of the triangulation points are made ready for the 
sounding parties by computing their plane co-ordinates on Gauss’ 
conformai projection (transverse mercator’s).
All triangulation work is kept ahead of and performed absolutely 
separately from the other hydrographic surveying work.
P l a n e  o f  r e f e r e n c e .
The influence of tide along the coasts of Sweden is very incon­
siderable, in the Baltic it does not exceed a few  centimeters. The 
variations of the sea level therefore are small, a fact which is of 
great advantage to the hydrographic survey as it simplifies essentially 
the correction o f the soundings.
By means of eight permanent automatic watergauges, distributed 
at roughly equal distances along the coast, and which have been in 
operation for about 3o years, very good values of mean sea level and 
of the secular uplift have been computed for the different sections 
of the coasts.
All temporary watergauges, whether automatic or not, necessary 
to hydrographic work are erected by the surveying vessels and are 
referred to the nearest permanent gauge by hydrographic levelling.
The mean sea level between the permanent gauges thus deter­
mined is preserved by marking a permanent bench mark, the altitude 
o f which is then checked, if practicable, by running a line o f levels 
to the nearest m ark o f the precise levelling net.
W hen plotting on the surveying chart all soundings are reduced 
to mean sea level.
L o c a t i n g  t h e  s h o r e  l i n e .
The sounding w ork is preceded by the location of the shore line 
in detail. As the Hydrographic Office now makes no topographic 
survey o f the coast it prefers to make a complete resurvey of the shore 
line. The survey, based directly on the triangulation points, is made 
by plane tabling and the larger sounding marks as well as the smaller 
which are built along the beach, are plotted on the chart either by 
graphic cutting or by tacheometry.
The most characteristic phase in this process, which is o f essential 
value to the precision of the sounding work, — and as far as we 
know., it is not adopted by any other country — is the fixing o f the 
multitude o f small marks located im m ediately on the shore line at 
a distance o f 5o to 100 meters from each other. By aid o f these marks 
the sounding-boat can obtain very accurate positions even when close 
to the shore.
W hen locating the shore line the magnetic variation at the plane 
table stations is roughly determined by means of- a compass. These 
observations are m ainly made in order to discover any anomalies 
which m ay exist in the magnetic field.
S o u n d i n g .
Method. — The coastal waters o f Sweden are developed by the 
w ell known “ parallel sounding method” . This method, how ever, is 
probably carried out more consistently and systematically than in 
m any other countries, as m ay be seen on the attached chart.
The spacing o f sounding lines must depend largely on two circum ­
stances : on the importance o f the waters and on the features of the 
topography o f the region. Each particular region to be surveyed is 
exam ined from these points o f v iew  and this study, combined with 
the results o f long experience, gives the data for determining the scale 
and for the arrangement of sounding line systems in such a manner 
as to obtain the best results from the work. Thus it is not possible 
to give rules o f general application in this respect.
T he direction of the sounding lines is usually North and South 
or East and West, but sometimes is perpendicular to the general trend 
of the coast or its topography. Strong currents or wind make it neces­
sary to turn them in other directions, viz. that o f the current or wind.
In Sw edish waters, with their extrem ely uneven bottom, the main 
sounding lines are spaced as follow s :
on a scale of 1 :10 0 0 0 ......................  5o meters apart,
on a scale of 1:20 0 0 0 ...................... 100 meters apart,
on a scale o f i : 5oooo. . . about 3oo meters apart.
It is prescribed that, on scales up to and including 1:20000, the inter­
vals between soundings must not exceed half the distance between 
the main sounding lines in depths o f 3o meters or less. In depths 
exceeding 3o meters and with an even bottom the intervals should be 
kept about equal to the main line spacing. In order that the spacing 
of soundings should be constant, secondary lines are run m idw ay be­
tween the main sounding lines out to the 3o meters depth contour. B y  
developing in this w ay the result w ill be a good representation of the 
submarine topography of the area and, even in Swedish waters, all 
shoals and practically all other dangers with depths of crictical im por­
tance to navigation are indicated more or less conspicuously.
H ow ever, the detail of the form of the shoals as w ell as o f very 
small dangers such as bowlders, wrecks, etc. (pinnacle rocks do not 
exist in this country) w ill not as a rule be determined by regular paral­
lel sounding. These details are examined by special processes such 
as those described below.
Sounding boat. — Fig. 2 shows a sounding boat. It is a h alf­
decked motor-launch of small dimensions : length 9,2 m. (3o feet) beam 
2,2 m. (7 feet) and draft 1,06 m. (3 feet 4 inches). The engine is an 
“ Avance” motor of 8. H. P. manufactured by a Swedish firm . It is 
a very  hardy engine which withstands the intensive strain o f sounding 
w ork w ell. The engine has to be reversed from full speed ahead at 
almost every sounding and these amount to about 5oo in number per 
boat in a full w orking-day. A ft there is a table with a spray-hood 
sheltering the field sheet and the instruments of the surveyor. The 
sounding machine is placed on a thwart before the engine.
During the last two summers interesting tests have been carried 
out, with successful results, as to the availability o f the Kitchen rudder 
for sounding boats. It is probable that the Kitchen rudder system 
w ill be adopted in the near future.


Crew o f sounding boat. — The sounding boat is in charge o f one 
surveyor and manned by four seamen, i. e, helmsman, motor engineer, 
and two leadsmen operating the sounding machine. Sometim es, when 
sounding on very large scales, 1:10000 and above, or in strong currents 
the crew  is increased by adding a recorder or a second surveyor.
Surveying Instruments. — Fig. 3 shows the table, field sheet and 
instruments o f the surveyor. The sextants now used are manufactured 
by the firm C. Plath of Hamburg and are found to be very  good 
instruments. As to the station-pointers (protractors) the two different 
types shown in figs. 4 and 5 are used. They are manufactured by 
various instrument makers in Stockholm . A new model, now being 
constructed at the Hydrographic Office, from the design o f one o f the 
w riters of this article, Captain R e i n i u s , and characterized by the raised 
centre o f the circle (fig. 4), w ill gradually supersede the old flat model.
The sounding machine (fig. 6), which is automatic in so far that 
the running out o f the w ire is stopped instantly when the lead reaches 
the bottom, is constructed at the H ydrographic Office and is specially 
suitable for sounding boats. It is worked by hand but can easily be 
coupled to the motor. The lead weighs about 4 kgs. (8 3/4 lbs.) and 
the line is a 1 ,5 mm. (0.06 inch) diam eter w ire to which a complete 
turn round the sheave o f the separate registering block is given.
Sounding. — The lines o f soundings are run on compass courses. 
O ccasionally, how ever, ranges o f natural topographic objects can be 
used advantageously. The regulation of the intervals between sound­
ings is not determined by time but a dial-counter is used. An em pi­
rical scale showing the distances on different natural scales o f the 
amount registered by the dial-counter is of considerable value in the 
frequent movements within the surveying district. In shallow waters 
w ith depths o f about 12 meters (40 feet) or less, the usual lead line is used. 
In deeper waters soundings are taken with the sounding machine and 
under these circumstances the boat is stopped for every sounding. This 
makes it possible for the single surveyor to get good determinations 
o f positions. These are regularly made at every third or fourth sound­
ing and alw ays by sextant angles to three marks. The surveyor him ­
self keeps the record. The compass course, dial reading, depth, bottom 
and angles are entered in special columns o f a field-book. Notes on 
w eather, current, time and so on also are recorded occasionally.
All inshore surveying w ork is done by motor launches. No outer 
limit is fixed for their work but this is extended offshore as far as the
circumstances permit. Thus it often happens that the developing, on 
a scale of i : 5oooo, o f deep waters as far out as 10 nautical miles from 
the shore (and even more) is perform ed by sounding boats.
E x a m i n a t i o n  o f  s h o a l s .
General. — After the regular sounding-work the next step is to 
examine the shoals indicated. These investigations generally require 
more time than ordinary sounding. The following are some typical 
indications for coast waters of average navigability.
V ery faint indications : a sounding o f 23 m. surrounded by 25 m., 
19 m. surrounded by 20 m ., 16 m. surrounded by 17 m.
Faint ind ications: 26-3o, 18-20, 14 - 15, 1 1 - 1 2 ,  7,7-8.
Strong » : 22-3o, 15-20, 12 -10 , i o - i 3 ,  9 -11, 5-7.
The spacing o f soundings is here assumed to have been the same 
as on the attached surveying chart, i. e. one sounding every 5o to 
100 meters.
The methods used in Sweden for examination o f shoals are the 
following, the last three are given in the order o f increasing precision.
(1) Sounding with the lead line, (2) submarine sentry, (3) sentry- 
sweep, (4) spar-sweep towed by or (5) attached to vessel.
The first method, sounding with the lead line, is still the funda­
mental o n e ; the others are used as a check on the first for dangerous 
shoals and in navigable channels, and in case of the submarine sentry, 
mainly for speedy reconnaissances.
The w ire-sw eep has been used only in the form of the sentry- 
sweep which w ill be described below. As the sea-bottom is very 
uneven and the channels o f very varying width and often somewhat 
narrow, the use o f a large w ire-sw eep, e. g. o f the Am erican model, 
would necessarily be very restricted.
There are also two circumstances contributing to make a good 
survey possible without a w ire-sw eep. The first is the non-existence 
of pinnacle-rocks (except in the neighbourhood of the island o f 
Gotland), caused by the quaternary glaciation, which has given to the 
rock-bed fairly low  gradients in one or more directions.
The second circumstance is related to the erratic blocks that 
occur frequently on the Sw edish coast and, in exceptional cases, have 
dimensions up to 6 to 7 meters (19 1/2 to 23 feet) {see fig. 7). These 
are the surveyor’s greatest bugbear. Owing to the absence of strong 
tidal currents there is generally some accumulation o f soft material 
round an isolated block, thus giving an indication during the regular
sounding. As this cannot always be expected, sweeping is necessary 
over shoals and in shallow passages, but in the deeper hollows and 
channels this is not required, and thus only a small portion o f the 
navigable area has ultimately to be swept.
E x a m i n a t i o n  w i t h  t h e  l e a d - l i n e .
This method is a special case of parallel sounding. The principal 
features are the use of a very large natural scale for plotting the 
soundings and the extensive use of small buoys for delimiting the area 
examined and for locating the individual soundings within this area.
The first step is to search the sounding-chart for indications of 
rocks and shoals. This is alw ays done by an experienced surveyor.
T he complete examination of an indication involves the following 
steps :
(a) Marking the area with buoys.
(b) Preparation of the record in the sounding-book.
(c) Parallel sounding of the area and plotting the record. 
Buoys dropped on any indications.
(d) Close investigation of the summits and the extent o f the 
shoal.
(e) Finding the position of and transit marks for the summits.
(a) M arking the area to be examined. — The buoys used are gene­
rally wooden buoys o f a sem i-oval form (see fig. 8) with a small red 
and yellow  flag, which colours together show very 
w ell against the w ater in almost any light. I f  currents 
are prevalent barricoe buoys are used (see fig. 8).
The area about to be examined is generally laid 
off in an approxim ately rectangular form in order 
to facilitate sounding as w ell as plotting, and this 
rectangle is oriented so that one of its sides lies in 
the direction of the prevailing wind or current, so 
that the s o u n d in g - lin e s  can be made with and 
against the more powerful of these.
Fig. 9 shows a fairly extensive in­
dication on the scale o f the sounding- 
chart (1:20000) w ith the limits of the area and the buoys 
in the corners. The positions of the buoys are determi­
ned by sextant angles and laid down on the chart by 
means o f the station pointer.
If the shoal is situated far off shore, large buoys (see fig. 1 5) trigo­
nom etrically fixed are often used for position-fixing.
F i g .  8 . -  S m all buoys 
fo r exam ination  o f 
sh o als, etc.
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Shoal-indication.
(b) Preparing the record in the sounding-book. — The examina­
tion of a shoal is plotted on squared paper with squares of 3 to 4 milli­
meters. The relative positions of the limiting buoys are transferred 
to the record by proportional dividers and plotted on seven times the 
scale o f the chart, i. e. approxim ately i :3ooo, which scale has been 
found to be that most useful for the purpose. This makes the length 
o f a sounding-boat nearly equal to a side of the squares on the paper 
and thus gives a very serviceable scale of distance. The relative posi­
tions of the buoys having been transferred to the record, straight lines 
are drawn between the angles o f the rectangle so formed thus giving 
the sides and diagonals thereof.
Generally one or more additional buoys w ill be necessary for 
locating the soundings. See fig. 10, which gives an ideal picture of an 
examination record, when the examination is about half completed. 
The flags are buoys dropped before the sounding, the circles are buoys 
dropped during the sounding at all shallow casts.
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(c) Parallel sounding and plotting in the record. — Before the 
sounding begins, the parallel lines to be run are drawn on the record.
Sounding is carried out at very  low  speed so that the individual 
casts are regularly spaced and generally between one and two boats 
lengths apart. E very  sounding is plotted im m ediately on the record
by eye with the aid of the buoys and the lines previously drawn. It 
is not usual to take more than three lines of soundings between each 
pair of buoys. W hile sounding along these lines buoys have been 
dropped w herever a cast has indicated the proxim ity of a summit. 
The record now gives an idea of the general character o f the shoal and 
its extent, where the summits may be expected to lie and where new 
lines of soundings should be interposed (fig. 10). The positions on 
these lines are determined and the soundings plotted with the aid of
3)Xr,\ 6 • 6 ■z. >
IV i L rr '
w , A 'l. 58 - c I , - tf". v1 /C I .
YO 59 '!0\ - t - !S' /
SO / SS' 4o\ - / - 0° S' — /
51/ / 5? 25 > _ / ■ ;/* •S’ /
f / ? t
A)
n 73 , f -
K , / /
3
i s (
3 / V. 1
I8 \ *
/
, n u hu / > ,
1 /
. »f ? /
¥ ^ ) 2t
/
/ X A
i ' y lfSt
!) / i ' i ALI
/
t }
j
0
' HN
t £ y
V
7
f ; 1
1 / a '
8,
r
i
fT /
i '
/ j / 91>
/ U f Qfs>\ // % f t 8-
/
'I (> /
' / \ t i
/
i >—
J
n }r *
i—  
n i /.
f I
U(
—
1 $
s <4
N | /  ,
—/r —
/ 5
f k ft 2 /
/ ' t ■ b> 5
z > 1J /
r
v  / / N iL
/
‘t / !i  .
?) ( s g
y3 /8
>
* ‘ /. (i fvt $ r ^
? |? I /. / /,
I
9 i 2 / » >$ !y /
} h
& s 'i 2, i n ■> 1 "
Zni-i) I Ai /* ft)' Oi -  f.3*/ -/ / f / . k / J j
‘ n .p. l 58^!5‘— - 6/% f ' - H Ai/  J r n
Srr p ( k % i o ' // -  t 0ci 0 '- U L i 0 n
« 5 n, p- I
* %°t5 ‘ - H -  t I ’c0 - >/ I Sm
6, \m p
0 h 57° <f5' - H - t 3°C5 - H I- '2* 10' I.
¿si A m, 0,. 77 . V Si QP n .: v/r, d. 5 / , '6t, 9 fr f t .
Bo fte. n t yn<iq pa £ f7). iijo p»7
F i g .  i i .  —  E xam in atio n -reco rd , finished.
the original buoys as well as o f those dropped during the previous 
sounding. These additional lines having been interposed, as shown 
in fig. i i , the surveyor draws with a black or some coloured pencils 
the depth-lines necessary to give a clear idea o f the form and extent 
o f the shoal.
(d) Close examination o f the summits and projecting points o f the 
shoal. — For this a special lead-line is used made of a thin wire with 
a lead weighing only 2 kg. (4 1/2 lbs). The boat is laid to windward 
of the buoy on the supposed summit and allowed to drift very slowly 
over it. One man is placed at the bow, one amidships and one aft, 
each one sounding continuously, lifting the lead only a couple of deci­
meters (6 or 7 inches), dropping it again and calling out the depth 
w henever it changes. This is continued until the whole suspected 
ground is covered and the highest summit found ; if necessary new 
buoys are dropped to facilitate orientation. The summit is thoroughly 
examined and its position determined by angles which are written down 
in the record. Fig. 11 gives the examination record completely plot­
ted. Above the soundings are given the angles for the original limiting 
buoys, and below are the angles taken when over the summits found. 
Some remarks are added with reference to the state of wind, current 
and visibility of the bottom, enabling an estimate of 
the reliability of the results to be made. b * 75 w 25 
The results of the examination (exact depth, cur­
ves, etc.) should be inserted on the sounding chart (see ___
fig. 12) immediately after returning on board, while 
the m emory of the examination is still fresh. F i g .  1 2 .  -  Examin-
If the shoal has not been previously known and sounding^ hart0" the 
is dangerous to navigation, angles should be taken bet­
ween permanent clearly visible objects on shore ; this is necessary in 
order to enable pilots to find the shoal by angles.
T w o  or three hours are required to make a complete examination 
of a shoal such as that described above.
T h e  s u b m a r i n e  s e n t r y .
The construction and details o f this apparatus are shown by figs. 
23 to 26 of “ Handledning i sjomatning” *. Its adaptation to boats is 
illustrated by fig. i 3.
General. — The sentry is used only to indicate whether shoals 
exist within a certain area. The exact depth is determined by means 
o f the lead or by sweeping.
The apparatus is used in the following manner. The area is deli­
mited by small buoys in the same manner as when examining with 
the lead-line, except that the distances between the buoys are made
* Pu b lish ed  by the H ydrographic Office o f Sw ed en , 1923 edition.
F i g .  i 3 . — Su bm arin e sentry  in operation.
F i g .  1 4 .  —  Su rveyin g  vessel 
w ith  sp ar-sw eep  attached.
F i g .  i 5 . —  L a rg e  flagbu o y, 
u sed  fo r offshore w o rk .
considerably greater. With the sentry lowered to the required depth, 
the area in question is covered by parallel lines, the surveyor himself 
conning the boat. W ith aid of the buoys and the compass the straight­
ness and spacing of the lines can be maintained with sufficient accuracy 
within certain limits. When running a line the surveyor constantly 
keeps one hand on the w ire to the sentry in order to feel at once 
when it touches bottom. One man has a weighted stick ready to be 
dropped astern when bottom has been signalled. In such cases the 
sentry is im m ediately hove up, and a buoy is moored as soon as pos­
sible close to the stick previously dropped.
The question as to the depth to which the sentry should be set 
in order to give the greatest possible effect is one demanding experience 
and judgment for its solution. The surveyor should send the sentry 
down to as great a depth as possible, but at the same time he should 
be careful not to set it too low.
Spacing. — The spacing o f the lines depends on the topographic 
character o f the bottom, on the depth to which the sentry has been 
set and the closeness of the previous sounding.
Experience in Swedish waters has shown that, if the bottom- 
character be normal and the average depth o f a certain area be 16 to 
17 meters, in order to make certain of the absence of any shoal of 
less depth than 8 meters with the sentry set at i 5 meters, the space 
betwen the lines of sounding should not exceed i 5 meters.
Accepting this 
as a basis for a ge­
neral rule, the spa­
cing corresponding 
to o th e r  d e p th s 
may easily be de­
duced.
If the average 
depth is 10 meters 
or less, the sentry 
sh o u ld  u n d e r  no 
circumstances be 
. used, as in such ca-
F i g .  i  6. —  Submarine sentry. Relation between depths and spacing. .
ses the lines must 
be so closely spaced that they cannot be run with precision.
In fig. 16 the cones give the greatest elevation of a shoal that may 
be expected within an area represented by the base thereof. Thus
the figures on the vertical line indicate the depth to which the sentry 
is set, the diameter on the base at the depth chosen gives the required 
spacing of the lines and the distance from the apex to the water-level 
gives the least probable depth. If there is reason to expect a steeper 
slope than that assumed in the figure, the spacing must o f course be 
reduced in proportion.
The submarine sentry is used for the following purposes : —
(a) Exam ination o f single indications of considerable depth.
(b) Determining whether shoals exist within “ indication areas” 
o f greater extent on relatively even bottoms.
(c) Searching for shoals reported in waters where older sur­
veying charts only exist.
(d) Exam ination o f certain parts of a channel known by older 
surveys.
If conditions permit, the simultaneous use o f two sentries (e. g. 
from a small surveying vessel) w ill give an increase in speed as well 
as in accuracy. The sentries are then set to different depths ; a diffe­
rence o f 2 meters (i fathom) has been found useful. I f  the deeper 
sentry touches bottom, the speed is instantly reduced and the second 
sentry is lowered to the depth o f the first one. The vessel continues 
after having buoyed the place where the sentry touched bottom. 
This is best done by dropping a self-mooring buoy.
As space considerations do not allow a detailed description of 
the procedure in all cases referred to above, an  example o f case (d) 
only w ill be given.
In a channel not recently surveyed, the bottom-profile of which 
is represented by fig. 17, it is desired to find all shoals with a depth 
of less than 7 meters.
Within the region A, where a shoal with 12 m. depth was shown 
on the older charts, work was begun in area 1 with the sentry set to a 
depth o f 1 5 m. and with a spacing of i 5 m. In area 2 the sentry-depth 
was 12 m. and the spacing 10 m., and in area 3 the sentry-depth was
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11  m. and the spacing 8 m. W ithin this area the sentry struck bottom. 
T he place w as examined with the lead and the least depth found 
w as 9,7 m. w hich, when examined with a spar-sw eep, was reduced 
to 9,5 m. Then area 4 was exam ined with the sentry at a depth 
o f 12 m. w ith a spacing of 10 m.
W ithin region B  the sentry w as set to a depth o f i 5 m. and the 
spacing w as i 5 m. Within region C w ork was begun at a setting o f
14 m. with a spacing o f i 5 m ., and, the sentry having struck bot­
tom, the rest o f the region w as completed with i 3 m. depth and a 
spacing o f 10 m. Region D was examined in the same manner as 
region B.
T h e  s e n t r y  s w e e p .
T he sentry-sweep is an adaptation o f the submarine sentry that 
has been largely used by the Sw edish H ydrographic Office. This 
sweep w as invented in 1907 by a Swedish engineer, M r S .  S j o s t r a n d . 
Its general construction and use are shown by fig. 18 .
T he sen try-sw eep  is used to ascertain whether shoals exist in 
areas with relatively great but variable depths. This method alone 
is not sufficient if  the depth is to be determined very accurately.
It has been found by experience that the effective depth o f the 
bottom-ivire is generally :—
7>6 m. with uprights o f 8,0 m. in length
8,0 » » )) » 8,5 » )) »
8,5 » » )) )) 9, °  » » »
9>o » » » )) 9,5 » »
9>4 )) » )) )) 10,0 » » »
9,7 » » » )> io ,5 » » »
10 ,1 )) )) )) » 1 1 ,0  » ))
io ,3 » » » » i i ,5 » » »
10,7 )> » )) )) 12,0 » )> »
11 ,0 )) )) )) » 12,5  » » »
A complete description cannot be given here but is to be found in 
“  Handledning i Sjôm àtning” 1923 edition, pp. 5i to 56 and 20410 209.
The sentry-sweep needs careful management, and before w ork is 
begun, the whole personnel must be w ell trained in laying out and 
taking in the sweep.
T he sweep should be towed at a speed not exceeding 3 knots. 
It has been found to do the best work with towing w ires o f 35 to 
40 m. in length and bottom-wire of 40 m., which w ill make the effec­
tive sweeping-width about 3o m. With 5o m. towing wires and 5o m.
bottom w ires the effective width is increased to 40 m ., but this aug­
mentation of the effective width reduces the sensitiveness o f the 
apparatus somewhat.
W hen striking bottom with one o f the kites, the corresponding 
float autom atically detaches itself from the towing-w ire. I f  the bot- 
tom -wire catches in the bottom, both floats are instantly detached and 
rem ain anchored on the shoal by means of the kites.
T he method of buoying out the area largely depends on its form 
and extent. W hen sweeping a winding channel the bottom-wire w ill 
often get slack as the ship yaw s and therefore the buoys should be 
% , placed in such a manner that the whole area
is effectively swept.
The sweep has been tried by sweeping 
A \ | shoals o f very  accurately known depths. On
--------! 1----------  a very  smooth rocky ledge the bottom w ire
w as lifted up 0,4 meters before the sweep 
w as detached ; on bowlders and uneven rocks 
the reaction was instantaneous.
D r a g - s w e e p i n g  w i t h  t h e  S p a r - s w e e p . 
The towed Spar-sw eep, which origina­
ted in Finland, is used for drag-sweeping 
rather extended areas. Depths m ay be deter­
mined with an accuracy o f about 0,2 meter 
by this apparatus — the construction and 
details of which are shown in fig. 19.
Material. — Fo r operating this sweep 
the following material is needed : a small 
surveying vessel or two or three ordinary 
motor-boats to tow the sweep, a jolly-boat 
for placing, and a small motor-boat for lif­
ting buoys.
Dragging. — (fig. 20) The area to be 
dragged is marked out inrectangular form 
with buoys, if possible in the direction of 
wind or current. The sweep m ay be set at 
not more than o ,5 meter less depth than that 
shown by any of the soundings writhin the square. If the square is 
not turned quite in the direction of the current, the towing night begin 
against the current. Just astern of the lee end of the bottom spar,
Fig. -jo .
Method of  drag-sweeping with 
a towed spar-sweep.
buoys are dropped by the towed jolly-boat at roughly constant inter­
vals. It is necessary that the surveyor should pay attention to the 
placing o f these buoys.
T he next strip is run close to the preceding one, the w indw ard 
end o f the bottom spar just catching the buoys, which are lifted by 
the small motor-boat, a new line o f buoys being placed to show the 
lim it o f the area dragged.
It is necessary to keep the strips as straight as possible and this 
rule causes overlaps o f the strips here and there. If the bottom-spar 
strikes, the spot is marked with a buoy without a flag and the posi­
tion is fixed by the motor-boat.
W hen the whole square has been dragged, the bottom-spar o f the 
sweep is raised somewhat, the amount depending more or less upon 
the violence with which it struck. The marked spots are then redrag­
ged and if necessary the bottom-spar is raised again until it travels free.
The sweep should be towed at a speed not exceeding i ,5 to 2 
knots. I f  towed more rapidly it is apt to rise from the w ater and 
to jum p.
S w e e p i n g  w i t h  a  s p a r - s w e e p  a t t a c h e d  t o  t h e  v e s s e l .
This form  o f sweeping is used for fixing exactly the depth on a 
shoal (fig. 14). Due to the small length o f the bottom spar the work, 
h ow ever, is time-consuming and is affected by the heave o f the sea. 
A ccordingly the areas to be sweep in this w ay are narrow ly limited.
Sweeping a shoal o f very small extent. — The shoal is marked 
by a buoy on both sides permitting the vessel with the sweep to pass 
m idw ay between the buoys, if  possible against wind or current. It is 
advisable to arrange a mark, ashore or moored, leading right over the 
sum m it o f the shoal.
A fter this is done the vessel is steered on the range towards the 
shoal at very  low  speed. The bottom spar o f the sweep is submerged 
to the depth obtained during the examination with the lead.
Close to the shoal the engines are stopped and the men at the 
fore-guys and downhaul-tackles are ready to slack or to shift the 
tackles. I f  the bottom spar touches lightly it suffices to ease the 
downhaul-tackles only, if  harder, how ever, it is necessary to slack 
aw ay the fore-guys as w ell.
In this w ay  the shoal is reswept until the depth, just affording the 
bottom spar free passage, has been determined.
Sweeping shoals o f some extent or narrow fairways. — W hile 
sweeping, buoys are placed close astern o f the sweep showing the 
route covered by that end of the bottom spar which lies towards the 
w ater to be swept. On the next strip — a length o f the bottom 
apart from the preceding — these buoys are lifted and other buoys
F i g .  2 1 .  —  M ethod o f  sw eeping w ith  an attached  spar-sw eep .
placed. As it is often difficult to lift and place buoys from the vessel, 
this w ork is generally done by a towed boat for lifting, and by motor­
boat forplacing the buoys (fig. 21).
P e r s o n n e l  a n d  r o u t i n e .
The Swedish surveying vessels are manned by personnel from the 
N avy. Most of the surveyors are N aval Officers and P . O’s., attached 
to the H ydrographic Office during the surveying season and only a 
small proportion are civil officers and draughtsmen from the Office.
Owing to the difficult waters and to the short surveying season, 
M ay to Septem ber, it has been necessary and possible to make the 
working day long. At 5 o’clock in the morning the sounding boats 
leave the vessel and in fine weather bear out to the districts in the 
open sea. Breezy weather forces the w ork into sheltered waters and 
as a rule the whole working-day, ending at 5 P. M. can be utilised.
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